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Section S1. Phonon band structures of the azotosome membrane and the acrylonitrile ice Table S1 . Total energies in eV/atom of the Pna2 1 phase of acrylonitrile and the membrane structure as a function of k-point density. The energy is unaffected by the number of k points in both cases (total change < 0.1 meV/atom).
Section S3. Optimized structures
The geometry-optimized membrane structure is shown in Figure S5 . Whereas it is possible that other relative orientations of the CH 2 -groups might correspond to other kinetically stable azotosome isomers (two-dimensional structures), such structures are unlikely to be significantly lower in energy compared to the considered Pc phase. This is evident from the different phases of acrylonitrile ice that are shown in Figure S6 . The latter structures demonstrate that in a three-dimensional structure, the energies of rotational isomers are on the order of 1 kJ/mol apart, which is too small to affect our conclusions. The optimized crystal structure of methane and the azotosome membrane solvated by methane are shown in Figures S7 and S8 , respectively. The configuration of the methane molecules surrounding the azotosome membrane were arbitrary chosen over a 2 x 2 x 1 supercell prior to optimization. The considered single structure does not strictly correspond to the ground state configuration in solution. Because of the choice of orientation of methane, the energy of the solvated membrane may be slightly overestimated. However, errorcancellation of this modeling effect is likely. This is because we have used crystalline (ordered) methane as our pure methane reference state when calculating the azotosome solvation energy, not liquid (disordered) methane. Liquid methane is the ground state of methane on Titan's surface. Regardless of if the net effect of our solvation modeling is a slight over-or underestimation of the azotosome stability, the high symmetry and nonpolar nature of methane, ensures that this error is small, and inconsequential for our conclusions.
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